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Abstract 
The present study aims to investigate on the impact of the renewable energy intermediate consumption on the economic growth of 
OECD countries. The data are from the energy balance sheet of all OECD countries during 1990-2012. The time series linear 
pattern has been used to have estimation. With studying Johansen Cointegration Test and ARDL model, it can be concluded that 
increasing the renewable energy consumption leads to economic growth increase in these countries. In other word that increasing 
the renewable energy consumption, the efficiency of the energies is increasing and leads to a high economic growth. Also, a 
development in technology can be resulted in a higher economic growth of those countries. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of SCIJOUR-Scientific Journals Publisher. 
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1. Introduction 
Energy is one of the valuable resources in the world. Considering the increase of the world population, energy 
consumption also increases and the usual energy sources cannot be enough (Fotros, 2012). Human always has been 
tried to produce and save energy during the history. Nowadays, energy, as a factor of production, has a great impact 
on development of different countries and the main role on the development of contemporary civilization. The needs 
to consumption of energy, to achieve to development also some other issues such as the consumption of fossil energies 
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and the environment, have caused specific attention to the renewable energies. The correlation between the energy and 
economic growth should be considered. 
In this study, linear model has been used to determine the correlation between renewable energy intermediate 
consumption and the economic growth of OECD countries. 
There have been many studies has been conducted to review the correlation between energy consumption and 
economic growth during the time and especially recently. Considering the results of these studies for particular 
countries, using different methods, it can be seen that there are various results about the production and consumption 
of the energy. (Stern D. , 1993) and (Lee, The impact of energy consumption on economic growth: evidence from 
linear and nonlinear models in Taiwan, 2007) investigated on it and found the relationship between energy 
consumption and Growth Domestic Product (GDP). Also, according to (Abosedra, 1989)  an increase in GDP in the 
US will resulted in an increase of energy consumption. However, the findings of (Akarca, 1980), (Yu E. C., 1985), 
(Yu E. H., 1984) and (Cheng, 1995) show that there is no relationship between GDP and energy consumption. On the 
other hand, (Vachon, 2006) and (Huang, 2007) found that there is a positive correlation between the amount earning 
and improvement of renewable energies. They found that the more earning means the more potential tendency to 
protect the environment by using the renewable energies. While, (Marques, 2010) have shown that there is no positive 
correlation between GDP and the development of renewable energy consumption but the amount of renewable energy 
consumption depends on the quality of the consumption. In general, considering the last study, GDP has a negative 
impact on the share of renewable energies of the whole energy, except for the countries with the low level of renewable 
energies in which there is a positive correlation between the economic growth and the level of renewable energies. 
The technology of fossil energy production has had a great improvement in the countries with the high level of GDP. 
The change from fossil energy technology to the technology based on renewable energy is an expensive and time 
consuming process as they consume a lot of fossil energy (because the more production needs the more energy to 
product). Thus, considering the improvement of fossil energy and subsequently the cost of fossil energy production 
has reduced. There is also a trend in countries with high earning toward fossil energies rather than the renewable 
energies. 
The main purpose of the present study is to examine the effects of the renewable energy (solar, biomass, heat, water) 
intermediate on OECD countries' economic growth. In this study we are going to find out whether consume of 
renewable energies has any effect on the economic growth of OECD countries. The innovations which distinguish 
this study is the point that the linear time series method, due to the use of OECD countries balance sheet data, has 
been used while the panel pattern is usually used to review the energy consumption in OECD countries. Also most of 
the literatures have considered the total energy consumption but this study only has investigated on the renewable 
energy consumption on the economic growth. 
2. Background research 
First, there will be a review on the studies which have been done before, and then, we will have a review on the 
differences between the present study and the previous ones. In many studies the correlation between the source of 
energy and economic growth has been considered. Some of them have focused on a particular country such as, (Lee, 
The impact of energy consumption on economic growth: evidence from linear and nonlinear models in Taiwan, 2007) 
and (Wolde-Rufael, 2009 ) while some others chose a group of countries to investigate on such as, (Fuinhas, 2012) 
and (Akinlo, 2008). More focus of these studies is on the analysis of the existing correlation in both long term and 
short term. 
(Apergis N. P., 2010) have investigated the causality correlation of renewable energy consumption and the 
economic growth of 20 OECD countries by panel vector error correction model. The result shows that there is a bipolar 
causality correlation both long term and short term between renewable energy consumption and economic growth in 
these countries.The result of studies on 19 developing and developed countries by (Apergis N. P.-R., 2010), using 
panel vector error correction model shows that there is a mutual causality correlation between the economic growth 
and renewable energy consumption. 
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(Menyah, 2010) could found only a one way causality correlation of GDP on the renewable energy consumption 
in the US. 
(Menegaki, 2011) has used panel vector error correction model to investigate on causality correlation between 
energy consumption and GDP for 27 European countries. The present study has not proved the Granger's causality of 
renewable energy consumption on economic growth either long term or short term. The results of Minegaki's study 
show a small impact of renewable energy consumption on the GDP. 
(Nazlioglu, Lebe, & Kayhan, 2011) have studied on the causality relationship between nuclear energy and GDP of 
OECD countries and in assistance of Granger panel method and Toda–Yamamoto  causality have found that the 
analysis of panel causality means that the nature of causality between energy consumption and economic growth may 
be trend toward the neutral theory. Neutrality between energy consumption and economic growth means that energy 
consumption can be a small part of the whole production; also the share of nuclear energy can be even smaller. This 
study shows that the policies about energy can have a small or no effect on the economic growth. In comparison 
Granger causality method with time series, it is clear that choosing statistic methods in analysis for causality between 
nuclear energy consumption and economic growth has a great importance on the political consequences. 
(Sadorsky, Energy Policy 37) has studied the relationship between renewable energy consumption per capita and 
income per capita, also the correlation between renewable energy consumption per capita, income per capita and the 
electricity cost in 18 countries with the innovate economy, during 1994-2003. The results show that an increase in 
income per capita has a positive impact on the renewable energy consumption per capita, and long term price elasticity 
renewable energy consumption per capita in this study is 0.7. They also have proved the mutual causality between 
renewable energy consumption and economic growth. 
(Apergis ,2010), considering the long term relationship between renewable energy consumption and economic 
growth, in 6 countries in the central America during 1980-2006, using the panel accumulation testing method and 
VECM panel found that there is a balance long term relationship between renewable energy consumption, economic 
growth  , the capital and work force. 
(Leng Wong, Chang, & Chia, 2013) has investigated on renewable and fossil energy consumption, research and 
development on energy and GDP of 20 OECD countries during 1980-2020 with or without oil resources. He found 
that energy consumption, research and development on energy usually have an impact in some degrees on the 
economic growth. It can be seen that renewable energy consumption, also research and development of energy had a 
significant impact on the economic growth in FMOLS and DOLS models. 
(Asafu & Adjaye, 2000) has studied the relationship between energy consumption, energy cost and economic 
growth, using time series method in Asian developing countries and found that there is Granger causality between 
energy and income in the Asian countries. The Granger causality correlation for some countries such as India and 
Indonesia is one-way relation while it is a two-way relationship in countries like Thailand and Philippine. The 
correlation between energy consumption and income includes many concepts for political analysis and their 
anticipations. The more economic growth, the more energy demand has and wise versa. Some policies have be made 
to make a limitation on energy consumption and reduce the consumer demand, to the negative impact on the economic 
growth and energy protection. The policies have made with an appropriate tax and subsidy combination and at the 
same time to encourage the industry to achieve the technology with the minimum level of pollution. 
3. Theoretical framework between energy consumption and economic growth 
There are four theories about the correlation between energy consumption, production and economic growth 
variable in the economy literature. First, Growth Hypothesis says that the energy is one of the main factors of 
production alongside manpower and the capital, and an increase in the energy consumption may lead to the increase 
in production and economic growth. Thus, in this scenario, energy frugality policies can have a reverse effect on GDP 
and economic growth. The second theory is Conservation Hypothesis which explains energy conservation policies, 
for the purpose of reduction of energy consumption and waste, have not had a reverse effect on the production and 
economic growth, still assist it to increase. In other words, this theory can be acceptable when an increase in GDP 
leads to energy consumption increase. Neutrality Hypothesis is another hypothesis about the energy consumption and 
production which states that energy consumption has small or no effect on production. It can be possible in case there 
is no causal relationship between energy consumption and GDP variable. The fourth one is Feedback Hypothesis. It 
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is about the correlation between energy consumption, GDP and economic growth variable. The hypothesis discusses 
the correlation between energy consumption, GDP and economic growth. It claims that energy consumption and GDP 
have interaction and completed to each other. Therefore, in case there is a causal two-way relationship between these 
two variable, it cannot be denied and the consumption energy policies improvement can be a factor to increase 
productivity so the economic growth (Apergis 2010). 
4. Introducing the model and data collecting tools 
There are different ways to collect the data. In data collecting in scientific research, the information should be 
correct and vigorous. In the present study the data has been collected from international energy agency site, balance 
sheet and information of countries. 
In this study, the innovation is that we use Time Series Model.Hence the inclusion of the stochastic trend in the 
following longrun economic growth model.(Equation 1) 
 
Ln GDP per capita  = a + b t + c C + u                                               (1) 
Where 'Ln GDP per capita' is the amount of economic growth of the countries, Bt states technology during the 
time, and C is the amount of intermediate renewable energy consumption. Now, we are going to analysis the model. 
5. Analysis 
First, the unit root test has been done in the present study to investigate on durability of variables, and in case of 
non-durability it can be solved with calculating the differences. Then, with the assistance of Johansen 
Cointegration Test, long term relationship between variables will be studied and ARDL method has used to study 
dynamic amongst variables in short term. Finally, we will study the estimate model of error and correction. 
5.1. Unit root test of research variables 
To avoid the any incorrect result from the false regressions we examine the random trend in time series. We find 
the results of unit root Dickey Fuller additional test (ADF) and Phillips-Peron (PP) test for time series variables used 
in this article.(Table 1) 
Table1.unit root of research variable test 
variables 
Dickey Fuller additional 
Test(ADF) 
Phillips – Peron 
test(PP) 
Statistic test 
Critical amount at 
0.95 level 
Statistic 
test 
Critical amount at 
0.95 level 
Non-renewable intermediate energy 
consumption logarithm 
-1.36 -3.63 -1.36 -3.63 
renewable intermediate energy consumption 
logarithm 
-0.14 -3.64 -0.50 -3.63 
GDP per capita logarithm -3.02 -3.63 -3.02 -3.63 
The results illustrate that renewable intermediate energy consumption logarithm and GDP per capita logarithm 
have the unit root due to the less amount of statistic test than critical amount in 95% level, and do not deny Zero 
hypothesis. These variables with one minus will be durable in other word the congested variables are from the first 
degree or I(1). 
5.2. Cointegration Test 
Next step, to investigate on the long term relationship between variables Hanson Cointegration Test has been used 
for time series data.(Table 2) 
506   Seyyedeh Fatemeh Naseri et al. /  Procedia Economics and Finance  36 ( 2016 )  502 – 509 
Table 2 . Johansen Cointegration Test 
testߣ௠௔௫ test Trace 
Zero 
hypothesis 
Opposite 
hypothesis 
Statistic 
test 
Critical 
95% 
level 
Zero 
hypothesis 
Opposite 
hypothesis 
Statistic 
test 
Statistic 
test 
0=r 1=r 23.11 23.13 0=r rt1 36.42 2979 
rd1 2=r 12.80 14.26 rd1 rt2 12.43 15.49 
rd2 3=r 0.50 3.84 rd2 rt3 0.50 3.84 
According to the research result, it seems that for both statistic test and zero hypotheses, any long term relationship 
between variables in 95% level is canceled, and the reverse  theory based on the existence of balance relationship 
amongst variables is verified. Thus, each of the variables I the above equivalent may be adjusted depends on the 
market unbalance.  Then, it can be said that there is a logical correlation between variables, from independent variables 
to depended variables, which here it is the economic growth in OECD countries. Also, due to the lack of Endogenous 
problem, the Autoregressive Distributed Lag Modeling (ARDL) has been used. 
5.3. Autoregressive Distributed Lag Modeling (ARDL) 
In this section, the method called Autoregressive Distributed Lag Modeling, which introduced by (Pesaran, 2001)  
has been used to check the intermediate impact of renewable energy on the economic growth of OECD countries 
ARDL is a method that leads us to find out some better methods to analysis the long term and short term relationship 
amongst variables. The results are shown in the table 3. 
Table 3 :the relationship between renewable energy and fossil  intermediate consumption in economic growth in Estimated short-term of ARDL  
model 
Independent variables 
linear 
equation 
linear 
equation 
linear 
equation 
Non-linear 
equation 
Non-linear 
equation 
Non-linear 
equation 
Dependent variable pause 0.76 (0.00) 0.26  (0.01) 0.54 (0.00) 0.76    (0.03) 0.33   (0.01) 0.30   (0.02) 
renewable intermediate energy 
consumption logarithm 
0.45 (0.02) - 0.04 
(0.03) 
0.038 (0.09) - 0.12   (0.02) 
Non-renewable intermediate energy 
consumption logarithm 
- 0.1   (0.01) 0.13 (0.02) - 0.15    (0.01) 0.19   (0.00) 
Time trend 
0.011 
(0.00) 
0.006 
(0.00) 
0.003  
(0.03) 
0.009 (0.00) 0.003 (0.01) 0.005 (0.02) 
intercept 5.61 (0.00) 1.36 (0.21) -0.72 (0.78) 3.01   (0.92) 
2.83 
(0.48) 
-0.87 
(0.20) 
Statistic coefficient 
F 
h-Durbin 
0.94 
189.17 
1.81 
0.96 
244.86 
1.82 
0.96 
161.50 
1.87 
0.94 
164.13 
1.57 
0.91 
142.23 
1.69 
 
0.92  110.21  
1.84 
The Autoregressive Distributed Lag Modeling has been used to have a estimation from short term pattern 
coefficients model from annual data, in linear and non-linear position. As it can be seen in table3.4, all the research 
variables except intercept in error level 10%, are less than 0.10 since the Prob amount has been reported, They are all 
significant and have a considerable difference from zero. The statistic coefficient of determination or R2 also suggest 
the high ability of explanation for the model. 
The statistical about coefficient of determination and h shows that it has enough specification in the model. 
Considering the point that the dependent variable has appeared at the right side of the equation, in the estimated 
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pattern, so the Durbianson statistical cannot be used to test amongst the waste. In this case the h statistical Durbeen 
will be used. 
According to the statistical, it can be accepted that the zero hypothesis test is amongst the waste. Another advantage 
of the dynamic pattern is that the long term relationship between variables can be found. The sum of the dependent 
variable paused coefficient should be less than one. For this purpose, 1 should be subtracted from the dependent 
variable paused coefficient and divided to the standard deviation of the coefficient. In case the absolute value of t is 
bigger than the absolute value of the critical amount, suggested by Benerjue de lado, the zero hypotheses failed, and 
the long term relationship will be accepted. Dummy variation has been used to study the impact of energy consumption 
increase on the economic growth. It suggests that if the energy consumption trend to increase, 1 will be assigned and 
if the energy consumption decreased or stayed fix 0 will be assigned. The result of the existence of long term 
relationship between variables can be seen in table 4. 
Table 4 . The relationship between intermediate non-renewable and renewable energy and economic growth in long term pattern estimation 
Independent variables 
linear 
equation 
linear 
equation 
linear 
equation 
Non-linear 
equation 
Non-linear 
equation 
Non-linear 
equation 
Independent 
variables 
linear 
equation 
renewable intermediate 
energy consumption 
logarithm 
0.35 
(0.00) 
- 0.11 
(0.01) 
- 0.29 
(0.02) 
- 0.16 
(0.04) 
- 
Heat intermediate 
consumption logarithm 
- - - 0.30 
(0.08) 
- - - 0.28 
(0.01) 
Nuclear intermediate 
consumption logarithm 
- - - 0.43 
(0.10) 
- - - 0.32 
(0.02) 
Water intermediate 
consumption logarithm 
- - - 0.62 
(0.05) 
- - - 0.19 
(0.01) 
Heat land intermediate 
consumption logarithm 
- - - -0.08 
(0.34) 
- - - 0.002 
(0.28) 
biomass intermediate 
consumption logarithm 
- - - 0.25 
(0.01) 
- - - -0.19 
(0.39) 
Non-renewable 
intermediate energy 
consumption logarithm 
- 
0.15 
(0.03) 
 
0.19 
(0.00) 
- - 0.21 
(0.00) 
0.25 
(0.03) 
- 
Time trend 
0.004 
(0.00) 
0.005 
(0.00) 
0.008 
(0.05) 
0.102 
(0.00) 
0.042 
(0.00) 
0.009 
(0.01) 
0.001 
(0.02) 
0.18 
(0.02) 
Dummy variable 
0.021 
(0.01) 
0.019 
(0.01) 
0.013 
(0.00) 
0.020 
(0.01) 
0.018 
(0.00) 
0.015 
(0.01) 
0.028 
(0.02) 
0.021 
(0.01) 
interception 
3.54 
(0.00) 
-2.32 
(0..03) 
-2.18 
(0.05) 
0.83 
(0.62) 
-0.46 
(0.32) 
1.23 
(0.21) 
-2.11 
(0.21) 
-.23 
(0.29) 
 
Statistic coefficient 
F 
h-Durbin 
0.89 
18.33 
1.80 
0.90 
25.32 
1.86 
0.78 
32.26 
1.85 
0.95 
58.32 
1.68 
0.91 
48.23 
1.6 
0.90 
15.28 
1.77 
0.88 
38.54 
1.79 
0.89 
43.23 
1.84 
According to the result it can be seen that all of the long term coefficients in the significant 0.10 level have 
significant difference with zero.The coefficient related to non-linear models can be explained as, the absolute time 
coefficient has a significant difference from zero, and it states technology coefficient in a linear form. While the 
positive coefficient is small which means with a development in technology situation, the economic growth can be 
expected.The coefficient about time trend in fitness linear model states the changes in GDP variable to the time which 
shows the economic growth. The coefficient in estimated models is positive and significant. 
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Considering Dummy variable I the model and the significant coefficient it can be seen that with an increase in the 
renewable energy consumption, the economic growth has increased. 
The intermediate renewable and non-renewable energy consumption coefficient illustrates that the impact of non-
renewable energy consumption on the economic growth is more than renewable energy consumption on it. 
And finally, it can be seen, in both linear and non-linear fitness models, the impact of intermediate renewable 
consumption on the economic growth is more when the Dummy variable is not in the model. Thus, it can be said that 
increasing the renewable energy consumption, their efficiency will increase and leads to higher economic growth. 
6. Result 
As it has been mentioned above, various studies have been done about the effects of renewable energy consumption 
on the economic growth in different countries. The present study has focused on the intermediate energy 
consumption so the linear time series method has been used. The findings of this study offer the positive impact of 
intermediate renewable energy consumption on the OECD countries growth. and we can OECD countries can 
substitute renewable energies for fossil fuels. 
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